BACKGROUND: Although oral antidiabetic medications are the mainstay for managing type 2 diabetes mellitus (T2DM), patients often require insulin therapy to achieve optimal glycemic control. Given the prevalence of insulin use among patients with T2DM, this study evaluated the economic impact of this treatment modality in patients treated in a managed care setting.
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Furthermore, in 2012, although people with diabetes accounted for only 7% of the U.S. population, more than 1 in 5 health care dollars were spent caring for diabetic patients. 1 Using age-and sex-adjusted data, the ADA also reported that people with diabetes had annual health care expenditures of approximately $13,741, whereas the same population without diabetes had annual health care expenditures of approximately $5,853. Therefore, annual excess health care expenditures of approximately $7,888 per patient could be attributed to diabetes. 1 Diabetes care is complex and requires that many issues be addressed. Achieving long-term glycemic control is key in the management of diabetes and in the reduction and prevention of complications. 2 Treatment guidelines include lifestyle modifications, noninsulin oral antidiabetic (NIAD) therapy, and/or insulin therapy for achieving target fasting plasma glucose and glycated hemoglobin (A1c) levels. However, use of metformin, together with lifestyle modifications, is recommended as firstline treatment before the addition of another NIAD or insulin for most patients. 3, 4 Insulin use has also been shown to have rates of glycemic control similar to oral alternatives. [5] [6] [7] Lingvay et al. (2009) found that patients taking an oral regimen (metformin, pioglitazone, and glyburide) had A1c levels similar to those of patients who were taking insulin and metformin. 5 Likewise, findings from 2 meta-analyses suggest that add-on
• Insulin is often prescribed to patients with type 2 diabetes (T2DM) when glycemic control is inadequate with noninsulin antidiabetic (NIAD) therapy.
• Several studies have demonstrated the comparable efficacy of insulin and oral antidiabetic agents in achieving target glycemic levels. However, there is limited evidence quantifying the economic impact of insulin use in patients with T2DM.
What is already known about this subject
• The introduction of insulin therapy early in the treatment pathway was associated with increased T2DM-specific costs of $71 per month per patient. These increased costs were driven mainly by higher pharmacy costs and a higher number of physician visits.
• Inclusion of insulin therapy in the treatment regimens of patients with T2DM was associated with an approximately 4-fold increase in rates of hypoglycemic events compared with treatment regimens that include NIAD therapies only. 
What this study adds
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(ICD-9-CM codes 250.x0 or 250.x2) and any evidence of diabetes drug therapy (including all types of insulin and NIAD drugs; Table 1) were the target population. The date of first T2DM diagnosis during the period from July 1, 2003, through March 31, 2008 (deemed the enrollment period) was defined as the index date. The 6-month period before the index date was defined as the pre-index period and was used to ensure that patients were (a) newly diagnosed and (b) new to antidiabetic medication. Receipt of antidiabetic therapy was assessed during the 24-month period after the index date and was defined as the post-index period. The date of the first antidiabetic medication during the post-index period was defined as the index prescription date (Figure 1 ). Patients were required to be continuously eligible to receive medical and pharmacy services during the pre-index through the post-index periods. Patients were excluded if they had a diagnosis for type 1 diabetes mellitus (ICD-9-CM codes 250. x1 or 250.x3) or gestational diabetes (ICD-9-CM code 648.8x) during the analysis time frame or evidence of pregnancy (ICD-9-CM codes 650.xx to 659xx or V22.2) during the pre-index period.
Treatment Patterns and Group Definitions
Antidiabetic therapy patterns of use were analyzed after the index prescription date, and patients were categorized into 7 types based on the following observed patterns: insulin therapy or oral agents produce comparable results with respect to A1c reduction. 6, 7 Furthermore, patients who use insulin or medication combinations that include insulin are at higher risk for hypoglycemic events (plasma glucose < 70 milligrams per deciliter) than patients who do not use insulin. [8] [9] [10] [11] Henderson et al. (2003) reported that 73% of patients had experienced hypoglycemia since starting insulin treatment and that the risk of hypoglycemia increased with increasing duration of diabetes and insulin therapy. 8 Hypoglycemia is associated with adverse short-and long-term outcomes, such as increased mortality, seizures, and coma. [12] [13] [14] [15] [16] In addition, fear of hypoglycemia can lead to medication noncompliance and failure to achieve glycemic control. 12, 15 Given the similarities between the effects of oral and insulin-containing antidiabetic therapies on glycemic control and the risk of hypoglycemia with insulin, there is a need to assess the impact of adding insulin to a T2DM regimen on outcomes of health care costs and resource use. Limited evidence exists for these outcomes, 17 so the purpose of this study was to assess health care resource utilization and costs associated with the use of insulin therapy for the treatment of T2DM. Specifically, the aim was to evaluate the costs, resource utilization, and hypoglycemia rates associated with the use of insulin therapy among newly diagnosed patients with T2DM receiving NIAD therapy in a managed care setting.
■■ Methods Data Source
An integrated source of medical and pharmacy claims from the IMS LifeLink Health Plans Claims Database was used for this study. This database included longitudinal, integrated, and patient-level medical and pharmaceutical claims comprising 5 billion patient observations from across the United States for more than 70 million patients from more than 100 health plans, including medical services and prescription drug information across the entire continuum of care. Specifically, inpatient and outpatient diagnoses (by International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] diagnosis codes) and procedures (in Current Procedural Terminology, Version 4, and Healthcare Common Procedural Coding System formats) and retail and mail-order prescription records, which include National Drug Code numbers and the quantity dispensed, were available for all patients. Cost/charge information and dates of service were available for all services rendered. The data were fully de-identified and compliant with the Health Insurance Portability and Accountability Act of 1996.
Study Design and Patient Population
The analysis time frame for this observational, retrospective cohort study ranged from January 1, 2003 NIAD therapy whose total time on insulin was ≥ 60 days, but their medication possession ratio (MPR) was < 25%. 7. Long-term insulin user: Patients who started insulin after NIAD therapy whose total time on insulin was ≥ 60 days, but their MPR was ≥ 25%.
As noted in this list, patients starting insulin after NIAD therapy were further classified as short-term, intermittent, and long-term. This classification was based on a combination of insulin duration and MPR because it is common for patients to discontinue insulin therapy due to various clinical issues.
Insulin duration was defined as the time between the first and last insulin prescription, and MPR was calculated as the ratio of days' supply of insulin to the total number of days between the first and last insulin prescriptions.
Study Cohorts and Assessment of Outcomes
To understand the specific impact of using insulin in patients with T2DM who initiated treatment with NIAD, the study cohorts were obtained from the noninsulin users and longterm insulin users described in the previous list, and this constituted the final population. Specifically, noninsulin users who first switched to/added on a second class of NIAD therapy were placed in the NIAD-only cohort, and long-term insulin users who first switched to/added on insulin after the initial NIAD therapy were placed in the insulin-use cohort. For this analysis, the 24-month post-index period was split into 2 periods: (1) the peri-period, defined as the time between the index date and date of first therapeutic class switch/ add-on, was used to capture disease severity proxy measures (T2DM-specific hospital/emergency room [ER] and T2DM-specific costs) and (2) the outcomes assessment period, defined as the time between the date of first therapeutic class 
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switch/add-on and end of the 24-month period, was used to calculate outcomes ( Figure 1 ). The study cohorts were then matched in a ratio of 1:3 (insulin-use:NIAD-only). Matching was done using the technique of nearest available match on peri-period T2DM-specific costs (± $100), time to treatment switch/add-on (± 1 day), presence of T2DM-specific hospital/ER visit during the peri-period (exact), and estimated propensity score (caliper width of ± 0.001 unit). The greedy nearest-neighbor matching technique was employed to form pairs of insulin-use:NIAD-only cohorts matched on the logit of the propensity score. The propensity score for a patient was defined as the probability of being in the insulin-use cohort conditional on the following covariates measured during the pre-index period: patient age; gender; geographic region (categorized as Northeast, Midwest, South, and West); number of prescriptions; number of unique prescription classes; number of unique diagnoses; presence of 10 comorbidities (which included depression, anxiety, hypertension, obesity, cardiovascular disease [CVD], cerebrovascular disease, neuropathy, nephropathy, retinopathy, and peripheral vascular disease); and Charlson Comorbidity Index (CCI) score. [18] [19] [20] The primary outcomes of interest were T2DM-specific resource utilization and costs, computed on a per-month basis, and hypoglycemia rates, which were captured during the outcomes assessment period. T2DM-specific resource utilization was identified by counting unique dates of service for T2DM (selected if diagnosis of T2DM was coded in the first or second position of the medical claim). Resource utilization was classified according to the place of service and included the proportion of patients with hospitalizations, ER visits, physician office visits, or other visits. T2DM-specific cost components included pharmacy and medical costs. Pharmacy costs included allowed amounts for all antidiabetic prescription claims and claims for insulin supplies, such as needles, strips, and lancets. Medical costs included allowed amounts for all T2DM-specific resource utilization. Similarly, all-cause medical and pharmacy costs were also calculated by summing allowed amounts for all medical and pharmacy claims, respectively. All costs were adjusted to 2010 U.S. dollars using the medical component of the Consumer Price Index. Hypoglycemia rates were captured by identifying medical claims with an ICD-9-CM primary or secondary diagnosis code for hypoglycemia based on an algorithm proposed in a previous study. 21 The hypoglycemia incidence rate, captured during the outcomes assessment period, was calculated as the total number of hypoglycemic events divided by the total number of person-years (PYs) of follow-up and expressed as events per 100 PYs.
Statistical Analysis
Before matching, baseline characteristics were compared using t-tests for continuous variables and chi-square tests for categorical variables. After matching, baseline characteristics were compared using paired t-tests for continuous variables, and categorical variables were compared using McNemar's test. The Exclusion criteria a n % Aged ≤ 18 years 23,171 1.5 Not eligible for medical and pharmacy services during 6-month pre-index period through 2-year post-index period 994,027 62. success of the matching process was also evaluated by assessing standardized differences in the covariates between the 2 cohorts. The standardized difference is the absolute difference in the means of a covariate across the groups divided by an estimate of the pooled standard deviation (SD) of the covariate. It is expressed as a percentage of pooled SDs. A standardized difference of < 10% was considered an acceptable level of difference. 22 Differences in resource utilization and costs between the cohorts of interest were evaluated using multivariable logistic and gamma regressions, respectively. Only variables that showed significant between-group differences after the matching procedure were included in the multivariate models.
Negative binomial regression models were used to investigate differences in hypoglycemia rates between the cohorts, and the corresponding incident rate ratios (IRRs) and 95% confidence intervals (CIs) were reported. All statistical analyses were conducted using SAS version 9.2 (SAS Institute, Cary, NC), with an a priori significance level of α = 0.05.
■■ Results Demographics and Treatment Patterns
A total of 110,358 patients (7%) of the initially identified target population met all study criteria ( 
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Within a Newly Diagnosed Type 2 Diabetes Mellitus Population using propensity scores, 1,400 patients remained. Based on the 1:3 matching ratio, the insulin-use cohort included 350 patients, and the NIAD-only cohort included 1,050 patients. Table 3 describes the demographic and clinical characteristics of the study cohorts. The cohorts had similar demographic and clinical characteristics with SD values of < 10% for all baseline characteristics, except CCI scores and the proportion of patients with CVD (SD: CCI = 10.1, CVD = 13.5). After matching, the adjusted T2DM-specific costs per month incurred during the outcomes assessment period were compared (Figure 2 ). The insulin-use cohort had significantly higher total costs (medical + pharmacy) of $241 per month compared with those of the NIAD-only cohort of $170 per month (P = 0.0003). The mean monthly T2DM-specific medical costs for the insulin-use cohort were $69 (Figure 2) . The higher medical costs were driven mainly by higher monthly physician visits (91% vs. 86%, P = 0.0311; Table 4 ). The mean monthly T2DM-specific pharmacy costs were also higher for the insulin-use cohort compared with the NIAD-only cohort ($161/month vs. $113/month). Similar trends were observed for all-cause costs (see Appendix B, available in online article). Furthermore, among matched patients in the insulin-use cohort, the rate of hypoglycemic events was 10.2 per 100 PYs versus 2.9 per 100 PYs in patients belonging to the NIAD-only cohort (IRR = 3.85, 95% CI = 0.03-0.31). patients received only insulin; and another approximately 2% were long-term insulin users (n = 1,735). Among the noninsulin users, the most commonly used NIAD class was biguanides (44%), followed by sulfonylureas (9%). In patients classified as long-term insulin users, the most common treatment regimen was initiation with biguanides and then switching to/adding on insulin (16.6%).
To achieve the study objectives, patients on NIAD therapy who switched to/added a second NIAD therapy (n = 35,833) were selected from the noninsulin therapy users (n = 103,138), and patients on NIAD therapy who switched to/added on insulin (n = 758) were selected from the long-term insulin users (n = 1,735). This group constituted the final population. Accordingly, a total of 35,833 patients were categorized into the NIAD-only cohort, and 758 were categorized into the insulinuse cohort. Between the 2 cohorts of interest (insulin-use cohort and NIAD-only cohort), pre-match demographics were similar with respect to age and proportion of women; however, they were dissimilarly distributed with respect to geographic region, index year of T2DM diagnosis, CCI score, and diseaseseverity proxy measures (see Appendix A, available in online article). On average, both cohorts initiated treatment with NIAD within 4 months of index diagnosis; however, patients in the insulin-use cohort switched/added on therapy sooner than patients in the NIAD-only cohort (146 days vs. 167 days, respectively). After matching patients from the 2 study cohorts 
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Administration, Medicare, and National Death Index databases, retrospectively, found that patients with T2DM who added insulin to metformin had an increased risk of nonfatal cardiovascular outcomes and all-cause mortality compared with patients who added a sulfonylurea to metformin. 26 Another retrospective cohort study conducted using the United Kingdom General Practice Research Database from 2000 to 2010 found that insulin use was associated with an increased risk of diabetes-related complications and all-cause mortality in patients with T2DM versus other regimens that did not contain insulin (e.g., metformin monotherapy, sulfonylurea monotherapy, or metformin + sulfonylurea combination therapy). 27 Given the divergent results when comparing insulin regimens and oral antidiabetic therapy regimens in terms of clinical outcomes, it is prudent to evaluate costs and health care resource utilization in order to quantify the economic burden of these treatment alternatives in patients with T2DM. A study by Waugh et al. (2010) found that regimens containing insulin were more expensive in terms of direct costs than such thiazolidinediones as pioglitazone and rosiglitazone but had similar effects in controlling plasma glucose. 17 This study similarly found significantly higher T2DM-specific costs for patients using insulin compared with oral antidiabetic drugs but was limited by the nature of the data source in evaluating glycemic control. However, this study was able to assess the impact on hypoglycemic events and found the use of oral antidiabetic medications to be associated with a lower risk of hypoglycemia compared with insulin use, similar to findings from another study. 28 Curkendall et al. (2011) showed lower hypoglycemic event rates in patients receiving NIAD regimens (sulfonylurea: 4/100 PYs; nonsulfonylurea NIAD: 1.9/100 PYs) compared with patients receiving insulin plus NIAD regimens (insulin + sulfonylurea: 9.2/100 PYs; insulin + nonsulfonylurea NIAD: 6.5/100 PYs). 28 Thus, this analysis demonstrates that using noninsulin antidiabetic medications result in lower costs and resource use compared with using insulin and avoids outcomes such as hypoglycemia that could substantially affect the health care system and patient quality of life.
Limitations
The following limitations must be considered when interpreting these results. Patients who had incomplete ICD-9-CM codes of 250, which makes it difficult to determine whether they have type 1 diabetes mellitus or T2DM, were not included in the study. In addition, there may be errors in the coding of claims or diagnoses. This may attenuate the generalizability of the study; however, results indicate that only approximately 1% of the patients had incomplete ICD-9-CM codes. Hence, it is unlikely that the effects of exclusion would be substantial.
■■ Discussion
This study assessed health care utilization and costs associated with the use of insulin therapy among newly diagnosed patients with T2DM in a managed care setting. When compared with patients who did not switch to/add on insulin (NIAD-only cohort), patients who switched to/added on insulin (insulin-use cohort) had a higher number of hypoglycemic events and were more likely to utilize health care resources due to T2DM and, therefore, had higher T2DM-specific cost outcomes. Specifically, the insulin-use cohort utilized a significantly higher number of health care resources (physician visits) compared with the NIAD-only cohort. Furthermore, the insulin-use cohort incurred approximately $70 per month more in T2DM-specific costs compared with the NIAD-only cohort.
Previous studies have shown equivalence in clinical outcomes between patients using insulin versus NIAD therapy. [5] [6] [7] [23] [24] [25] Schwartz et al. (2003) found similar A1c and fasting plasma glucose levels in patients using triple oral antidiabetic therapy versus a combination of metformin and insulin (70/30) after 24 weeks of therapy. 23 Another study found that triple oral antidiabetic therapy versus insulin plus metformin resulted in clinically equivalent outcomes and did not affect compliance, treatment satisfaction, or quality of life. 5 Data from other studies also showed comparable results in terms of glycemic control when adding insulin versus another oral antidiabetic drug. 6 Additionally, 2 studies showed that the mean effect of insulin on A1c does not seem to be greater than that of other medications, such as sulfonylureas, when combined with metformin. 24, 25 Real-world studies, on the other hand, showed divergent results, wherein use of insulin in T2DM was associated with poor clinical outcomes compared with use of NIAD therapy only. 26, 27 A study evaluating a cohort from the Veterans Health There are also inherent limitations to a database study that may lead to gaps in information gathered, limit evaluation to claims within the study period, and do not allow evaluation of patient compliance with medications. Although this study evaluated patients based on a date of first diagnosis and subsequent receipt of NIAD therapy, it is possible that patients enrolled in the study may have been treated with other/additional NIADs or insulin therapy before the start of the study period. Limitations in the ability to accurately assess patient compliance may result in attributing certain health care utilization or medical costs to therapy.
From a data capability perspective, this dataset represents predominantly a managed care population that may be different from other populations, and because of the time lag associated with this dataset, the study period may not reflect current practices. The analysis controlled for the majority of differences in baseline characteristics using propensity score matching, with the exception of baseline CCI scores and CVD. In addition, residual confounding may also exist due to lack of information on clinical measures such as A1c and body mass index, which may differ between cohorts. A1c, in particular, is an important factor, as it characterizes disease severity, which, in turn, may have driven a particular treatment regimen or may have accounted for the differences in hypoglycemic events. Therefore, differences among cohorts in baseline CCI scores, CVD, and residual confounders may have affected health care resource utilization and/or costs. To account for some of the residual confounding due to differences in disease severities between the study cohorts, the analysis controlled for disease-severity proxy measures such as peri-period T2DM-specific costs and rates of hospital/ER visits. As a result of this approach, only patients without T2DM-specific hospital/ER visits in the peri-period were included in the analysis after the match-this aspect may affect the generalizability of the findings. Furthermore, these data also pose a potential limitation of misclassification of patient types, particularly the insulin-use cohort, based on variables such as days' supply. This limitation was addressed by testing the cohort definition using other available data elements, such as number of prescriptions filled.
■■ Conclusions
Use of insulin therapy within a population newly diagnosed with T2DM was associated with increased hypoglycemic events, T2DM-specific pharmacy and medical costs, and utilization of health care services. Future research should focus on the impact of clinical parameters (e.g., A1c) on outcomes associated with patients on NIAD therapies with or without the addition of insulin. Additionally, further investigation on how hypoglycemic events (particularly severe events) affect glucose control and patient compliance is warranted. 
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